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A=7

GENERAL: References to articles on general propertie& of 7 nuclei published since the
previous review 1988AJ0) are grouped into categories and listed, along with bristdptions
of each item, in the General Tables fAr = 7 located on our website atvivw.tunl.duke.edu/
NuclData/GeneralTables/07.shtml

H
(Not illustrated)

"H has not been observed. Attempts have been made to detedhi spontaneous ssion
of 2°2Cf (1982AL33 and in the’Li( , *) reaction [seel984AJ0)]. A study of°Be( , 2p)
(1987G02% found no evidence fofH. See also the review ofl890G1B and the’Li( , *)
investigation reported iNIO89GR0§. The ground state is calculated to have= { and to be
unstable with respect to 1n, 2n, 3n and 4n emission. Excitgdssare predicted at 4.84, 5.00 and
6.96 MeV, withd = 3",3" and$ [(0+1)~! model space] and at 3.88, 3.94 and 5.99 MeV
withJ = 3, 3" andi” [(0+2)~! model space]{985PO1]. See also references cited in
(1988AJ0).

"He
(Figs. 8 and 11)

GENERAL: References to articles on general propertiedHef published since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables féHe located on our website atvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7he.shtrjl

Mass of’'He: The atomic mass excess ‘dde is26:11  0:03MeV: ‘He is then unbound with
respect to decay inftHe+ n by 0.44 MeV: seel(984AJ0). The ground state is calculated to have
J = % and to be unstable with respect to decay fitée + n by about 1 MeV {985P0O1). See
(1988AJ0).

"He excited-state calculationsn addition to the(0 + 1)~! and(0 + 2)~! model space cal-
culation of (L985PO1) cited in (L988AJ0), a number of calculations have been reported since
the previous evaluation. They include calculations: i@ & 2)~! model spacel990WO10; in
a two-frequency shell mode2(Q01C0O2]}; in a large-basis shell model$98NA1%; with Green's
Function Monte-Carlo method4.997PU03 2000WI109 2001PI107; and in a re ned resonating
group model {997WUO0).

1. 'H(®He, dfHe Qm= 036



Table 7.1: Energy levels dHe

Ex (MeV) J T cm Decay Reactions
g.s. (3 ;3 150 20keV? n 1,2,3,4,5,6,7

2:92 0:092 (g );ga 1990 170keVv? n 1,5,6

(5:8 03)@ 4 1MeV? n 56

a8 Newly adopted in this evaluation or revised from the presievaluation {988AJ0).

This reaction was studied Et(®He) = 50 MeV/A (1999K014 2000KO4§. Deuterons, neu-
trons, “He and®He were detected. Spectra indicate a levellite atE, = 2:9 0:3 MeV,
= 2 :2 0:3 MeV which decays mainly into 3s *He, .3,= o« = 0:7 0:2. Arguments
are given for a tentative assignment = ( g ).

2.7Li( , )"He Qum = 128:37

Capture -rays from the transition téHey. are reported byl(986PEO%

3. 7Li(n, p)’He Qm= 1042

The proton group corresponding féleys has < 0:2 MeV: see (979AJ0). At E, =
60 MeV broad bumps in the spectra are ascribed to statég at20 1MeV[ =9 2MeV]
and, possibly, at 6 MeV (1983BR32 1984BR03 see for discussion of the GDR). See also
(1987HE24 and (L1987BR33. Analyzing powers measured af E 0:88 GeV are reported in
(1996BB23.

4.7Li(t, *He) He Qm= 1118

Thes3He particles leading to the ground state’ e have been observedBt = 22 MeV. The
width of the ground state given ii988AJ0) is 160 30keV; for aradius of 2.2 fm ant}, = 1,
this width is 0.22 of the Wigner limit. The angular distritart is peaked in the forward direction.
No other states ofHe were observed fdE, < 2:4 MeV: see (979AJ0).

5. (@)SLi(*4C, 13N)"He Qm= 1436
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Figure 8: Energy levels ofHe. For notation see Fig. 5.



(b) 7Li("Li, "Be)'He Qm= 1206

(c) "Li(1B, 11C)"He Qm= 1319
(d) °Be(Li, B)'He Qn= 2360
(e)°Be(Be,'C)'He Qm= 1407
() °Be(!B, 13N)"He Qm= 1144
(9) °Be(**C, 160)'He Qn= 701

(h) °Be(®N, F)"He Qm= 1661

Reaction (a) was investigated B{(**C) = 24 MeV/A (1995B0O10 1995V005. The "He
ground state was populated strongly, but no excited stages @bserved. AE (°Li) = 72 MeV and
atE (“Li) = 70 MeV (reactions (b) and (d)) there is no evidence for excitates with 2MeV
for Ex < 10 MeV (1985AL1B, 1985AL1G 1985AL29. The ground state ofHe is strongly
populated. Reactions (c), (e), (f) and (g) have been inastiate (*'B) = 88, E (°Be) = 106:7
and E (**C) = 152:6 MeV. The ground state ofHe is populated. There is some evidence for
a second state in reaction (g)BBf = 2:9 05 =1:5 05 MeV (1988BE3). See also
(1979AJ0) and (L988BEYJ). At E(**N) = 240 MeV, reaction (h) shows evidence for a level at
Ex=3:2 02MeV, =1:5 0:2MeV (1998BO1M 1998B0O381999B0O26.

A more recent experiment with incident enerdigg, = 240 MeV and 318.5 MeV is described
in (2001B0O3)Y. The width of the’He ground state resonance was measured @ollde 0:02MeV.

An excited state withe, = 2:95 0:10MeV, corresponding to a resonance enefgy= 3:39
0:10and width g = 1:9 0:2 MeV, was observed. There was no indication of a state,at
0:8 MeV reported by 2001MAOQS [See reaction 7]. Evidence for a broad excited state,at
58 0:3MeVwith =4 1MeV was also obtained.

6.1B( , pd)YHe Qm =105:10

Stopped negative pion absorption ¥8 was studied with detection of protons and deuterons
(1998G030). The missing-mass spectra show evidence for a levél@withE, = 2:8 0:2MeV,
2.0 MeV.

7. C(EHe,°He+ n+ n)

The relative energy spectra of fragments from 227 Me¥He on a carbon target were mea-
sured RO01MAO0Y. The®He + n spectra show a structure which is interpreted as beingalue t
aJ = % resonance (théHe ground state) witlEgr = 0:44 MeV, = 0 :16 MeV with about
equal contribution fromad = % resonance witleg = 1:2 02MeV, =1 :0 0:2MeV
(Ex=0:8 0:2MeV).



Li
(Figs. 9 and 11)

GENERAL: References to articles on general propertied_opublished since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables féLi located on our website atfvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7li.shtm)l

= +3:256427(2)nm: see {989RA17.

Q= 406 0:83mb (1988DI1B. See (988DI1B for a review of earlier determinations,
particularly those of1984SU091984VEQ03 1984VEQ08 1985WE03. See also{989RA17.

B (E2): g I 2 =8:3 0:5¢€*fm* (1985WE08. See also{984VE09, (1988TALD and
(1984AJ0).

Isotopic abundance925 0:2% (1984DES3. See also{987LA1] 1988LA10.

The interaction nuclear radius 6Ei is 2.23  0:02 fm (1985TA19. [See also for derived
nuclear matter, charge and neutron matter r.m.s. radii].

1.'H(He, )Li Qum = 9:9754

Gamma spectra were measured for 40 Me®¥Ae incident on a solid hydrogen targ@001SA37.
The’Li ground state and the 0.48 MeV rst excited states were esblved. Measurements of
momentum spectra of fragments as well as gamma-ray inyedstributions are described in
(2001SA37. See alsof001SAZS.

2.3H( , )Li Qum = 2:4670

Excitation functions and angular distributions have betewied forE = 0:5to 2.0 MeV.
The cross section rises smoothly as expected for a diretireaprocess: sed 966LA04) and
(1987BU18 o, ). Measurements of the astrophysi€afactor,S(E), and the branching ratid
for direct capture to the 478 keV state compared to direducao the ground state were reported
by (1987SC18 They deduces(0) = 0:14 0:02keV b,R = 0:32 0:0L More recently,
available data oAH + scattering were analyzed993MO1) in the optical model framework to
predictS(0) = 0:10keV b and branching ratiR = 0:43. Measurements of the cross sections and
angular distributions in the energy rang@ E  1200keV were reported byl@94BR2Y. They
determinedR  0:45at low energies in disagreement wittB87SC1% An extended two-cluster
model study forlE.n. < 5MeV is described inZ000CS0¥. Effects of inclusion of théLi + n
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Table 7.2: Energy levels dtL.i

E, JT m Or  ¢cm Decay Reactions
(MeV  keV) (keV)
g.s. 34 stable| 1, 2, 3,5, 6, 7, 11, 12, 13, 15,
16, 17, 18, 19, 20, 21, 22, 28,
24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 49, 50, 51,
52, 54, 55, 57
0:477612 0.003| 1 ;1 | m =105 3fsec? 1,5,6, 7,11, 12, 16, 17, 18,
19, 20, 21, 22, 23, 26, 27, 30,
33, 34, 37, 38, 39, 40, 41, 42,
44, 45, 46, 47, 49, 50, 52, 54,
55, 57
4.652° 71 =69 kev® t, 4,5,11,12,17,18, 19, 20, 21,
22,23, 27, 39, 40, 42, 47, 51
6.604° >3 918° t, 4,12, 17, 18, 19, 23, 40, 47
55
7.454P 21 80° nt |3,478,09,10, 12, 17, 18, 19,
20, 23, 37, 39, 40, 47
8.75" 3.3 4712° n, 8,37
9.09° 2,30 2752° nt |48, 10
9.57° I3 437° nt | 3,4,12, 18,2023, 40
11:24 30 3.3 260 35 np |89 39
13.7 500 n |15
14.7¢ 700 n |15

a See Table 7.2 in1979AJ0), Table7.5here and reaction 40.

b Newly adopted in this evaluation. These level parametere wbtained with the extendd®-matrix prescription
(see the Introduction) from an analysis®fi(n, n), 6Li(n, t), *He(t, n), and*He(t, t) data, and are somewhat different
from the corresponding parameters GP88AJ0). The uncertainties in the widths and positions of the sdcon
through fourth excited states above the ground state asdHas 5%. Uncertainties for the higher-lying states range
from10 30%.

¢ See also reactions 8, 10, 15, 22 and 38 for possible addittetas.
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Figure 9: Energy levels dfLi. For notation see Fig. 5.



Table 7.3:"Li levels from3H + *He?

E, (MeV keV)| J | | LS term| R (fm) 2b 2
( 4.65 20 % 3 2Fio 4.0 0:57 0:.04
6:64 100 g 3 2Fs, 4.0 1:36 0:13 | 0:000 0:002
6:79 90 2 3 | %Fso 4:4 0:52
747 30 g 3 S 40 | 0011 0001 026 002
9:67 100 % 3 4Dy 4.0 0:53 0:22 23 074
a For references see Table 7.3 if®79AJ0).
b 22R 2/3-2,

¢ See reaction 3H( , n)°Li.
d 2 t06Li*(2.19).

channel on the zero-energy cross section and astrophsyitadtor as well as the quadrupole
moment are explored. A recent analysis h999BU1(Q estimated the uncertainties in Big Bang
nucleosynthesiéLi yields. For astrophysical calculations related®td( , ) see the General
Table for’Li located on our website atfvw.tunl.duke.edu/NuclData/Generables/7li.shtnl
See also references cited fO88AJ0).

Thermonuclear reaction rates for this reaction calcul&t@n evaluated data are presented in
the compilation {999AN33.

3.3H( , n)Li Qm = 47829 Ep =2:4670

The cross section for this reaction has been measurds fer 11 to 18 MeV: the data show
the effect of Li*(7.46) and indicate a broad resonance ngéar= 16:8 MeV [’Li*(9.6)]. The level
parameters derived from this reaction and from reactiore4dlaplayed in Tabl&.3. The yield of
SLiions at0 (lab) has also been measured For = 11:310to 11.930 MeV with 2—3% accuracy:
the data were then reduced to obtain the cm differentiakesestions @@ and180 for the inverse
reaction in the energy region corresponding to formatiofLof(7.46): see (979AJ0). See also
the compilation of {985CA4). A resonating group calculation of(E) from threshold to 20
MeV is reported in {991FUO03.

4. 3H( 1 )3H Eb = 2:4670
The excitation curves for the elastic scattering show tfecef of'Li*(4.63, 6.68, 7.46, 9.67).
The derived level parameters are displayed in Tab8 Angular distributions have been stud-

ied forE = 2:13to 2.98 MeV ande; = 6:0to 17 MeV [see {979AJ0]1 1984AJ0)] and
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atE = 56:3to 95.5 MeV (L986YA1M; alsoAy]. More recently, cross sections and angu-
lar distributions were measured Bt = 27:2 MeV and described in an RGM method and in
the phenomenological optical model. A polarization extiem@A, = 1) occurs neakE; =
11:1 MeV, = 95 : see (984AJ0). For the breakup ofLi into + tin various processes
see (984AJ0) and (1984SH17 1987F008 1987P003 as well as the General Table féki
located on our website aivivw.tunl.duke.edu/NuclData/Genergbles/7li.shtml For cross sec-
tions determined from shell-model afmtmatrix calculations seel@87KN04. Other calcula-
tions that have been reported include: phase shift&sfor< 300 MeV and ’Li charge form
factor (1987R023%; scattering lengthsl@88CH47 1989CH33,; phase-shift and transmission co-
ef cients with RGM (1991FUO032; phase-shift and astrophysicalfactors in a two-cluster model
(1995DU09 1997DU1Y; RGM phase shifts1995MA37); and phase shifts versis in a three-
body cluster modell(996SHO2.

For muon catalysis see references citedli®88AJO0).

5. 4*HeCHe, *)'Li Qnm = 1371217

’Li*( 0+ 0:48, 4.63) have been populatedB®*He) = 266:5 and 280.5 MeV: seelQ84AJ0).
See alsol984GE051987KAQ9.

6. “He( , py'Li Qm= 17:3469

Angular distributions have been reportedtat= 39:9to 140 MeV [see1979AJ01 1984AJ0)]
and at 61.5 to 158.2 MeV1Q82GL0) and 198.4 MeV {985W01) for the transitions tdLi*(0,
0.48). Cross sections f&@ = 159:3, 279.6 and 619.8 MeV were measured B§GLME1J to en-
able calculation of the amount @i produced in early-galaxy cosmic rays. See aBoQ1AUO0S.
See (982GL01 1985W01) for a discussion ofLi production in the Big Bang. See al§Be in
(1988AJ0) and (L986KA269.

7.°Li(n, YL Qm = 7:2499
Qo=7251:02 0:09keV (1985K04]

The thermal capture cross section385 3:0 mb (1981MUZQ. Gamma rays are ob-
served corresponding to transitions’ta*(0, 0.48) with branching ratio$2 2% and38 2%
(1985K047. ’Li*(4.63, 6.68) are not populated [ 5%] (1985K047. See (979AJ0) for the
earlier work. The decay diLi*(7.46) ! °Ligs + n in the interaction of 35 Me\ *N ions on
Ag is reported by 1987BL13.

A recent study discussed ih§97N0O04 analyzed reaction rates &fi(n, )and other reactions
that bear on the possibility of observing primordial.
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8. 5Li(n, n)SLi Ep = 7:2499

The real coherent scattering length2i® 0:1 fm; the complex scattering lengths die =
(0:67 0:14) i(0:08 0:01)fm,b =(4:67 0:17) i(0:62 0:02)fm; e =0:70 0:01b
(1983K0O17. See alsol979GL13J. (1983AL1E) report ¢ (below 10 keV)=0:72 0:02b. See
also (L1981MUZQ). The total cross section has been measured Egm 4 eV to 49.6 MeV [see
(1976GAYYV, 1984AJ0)], at 0.6 to 80 keV [982AL35 and at 0.08 to 3.0 MeVIO83KN1D.

A pronounced resonance occurskgt = 244:5 1.0keV [Ex = 74595 1.0 keV] with a
peak cross section df:2 0:2b (1982SMO032: see Tabl&’.4. No other clearly de ned resonance
is observed tdE, = 49:6 MeV although the total cross section exhibits a broad marinau
En 4:5 MeV: see (984AJ0). The analyzing power has been measuredEgpr= 1:48to
5 MeV [see (984AJ0)] and 5 to 17 MeV {986PF1A. Multi-level, multi-channelR-matrix
analyses1987KN04 1983KNO0g for E, 8 MeV [using also data from other channels] include
13 normal and 14 non-normal parity states withi 17 MeV. [Only ten states have been seen
directly in reaction or compound nucleus cross-sectiorkyorwo positive-parity states provide
an explanation for the anisotropy of thigi(n, ) work at low energiesl(983KNO06. For the results
of an earlielR-matrix analysis seelQ84AJ0).

The excitation function for 3.56 MeV-rays exhibits an anomaly, also seen in the (n, p) reaction
(reaction 9). The data are well tted assumiBgs = 3:50and 4.60 MeV E, = 10:25 0:10and
1119 0:.05MeV], T = 1and3, ¢, =1:40 0:10and0:27 0:05MeV, respectively; both

J =2 . However, (979AJ0) notes that afR-matrix study of*He(t, t),°Li(n, n), andSLi(n, )
data leads to the identi cation of,}\ state aE, = 9:85MeV, =1 :2MeV. See (979AJ0) for
a discussion of these and other unpublished data.

Differential cross sections foprand n were measured &, = 6:8-9.8 MeV and used with
other data in an analysis to deducg) for E, = 6—-14 MeV (1987SCO08 Elastic and inelastic
scattering cross sectiong ) were measured fdg,, = 24 MeV (1987HA25 and analyzed, along
with existing proton scattering data to study neutron aradqor transition densities. Elastic and
inelastic scattering differential cross sections weresuezd ate,, = 11:5, 14.1 and 18.0 MeV
(1998CH33 and used to determine a phenomenological optical modehgiat. A measurement
of double-differential neutron emission cross sectiom&p= 11:5 and 18.0 MeV was reported
by (19981B02. Theoretical work includes: a calculation of coherent aradherent thermal cross
sections {990G02p; RGM calculations of ( ) atE, = 18 MeV (1992KA06; calculation of
phase shifts and cross sections Ey < 18 MeV using a potential descriptiod993DUQY9; a
study of antisymmetry contribution to the nucleon-nuclgotentials {995C0O18; and a study of
the applicability of optical-model potentials for nucletata evaluationslO96CH33.

See also earlier references cited 1988AJ0).

9. (a)®Li(n, 2n)Li Qm= 539 Ep, =7:25
(b) 6Li(n, p)®He Qmn= 27254
(c) 5Li(n, d)°He Qm= 2272

12



Table 7.4: Resonance parameters for 7.5-7.2 MeV

levels in“Li and 'Be 2

Reaction Li+ n SLi+ p
E, (keV, lab) 262° 1840°¢
( E)) (keV, cm) 154 836
E (keV above g.s. 7700 7580
n:p(Er) (keV, cm) 118 798
radius (n, p) infm 3.94 4.08
2, (MeV fm)¢ 4.85 5.02
ﬁ;p 0.26 0.28
(Ey) (keV, cm) 36 38
radius () in fm 4.39 4.39
2 (MeV fm)d 0.101 0.101
2 0.012 0.012

a These states are believed to havda., character, consistent
with their large 2 and 3. See Table 7.4 in1979AJ0).
These parameters are from Table | @D63MC09. See also
(1959GA0§.

2445 1:0keV (1982SM03.

¢ See also the measurements and analysi$IF{SKO).

d The authors of 1959GA08 1963MC09 use a de nition of

2.0 and ? for which the units are MeVfm.

For reaction (a) seel@85CH37 1986CH1R. The excitation function for reaction (b), mea-
sured from threshold t&,, = 8:9 MeV, exhibits an anomaly &,, = 4:6 MeV. The excitation func-
tion, at forward angles, ofyas approximately constant f&, = 4:4to 7.25 MeV: see{979AJ0).
Measurements of particle spectra have been malg at198 MeV (1987HE2), E, = 118 MeV
(1987P0O181988HA12 1998HA24. Studies of this reaction as a probe of Gamow-Teller stteng
are reported in988JA01 1988WA24 1992S0O0. Measurements &, = 280 MeV were used
in a test of isospin symmetryt990MI10. Measurements &, = 0:88 GeV with polarized targets
are reported in996BB27). Theoretical studies of this reaction include: a dynamdkester model
calculation forE, = 280 MeV (1991DA09; a calculation of phase shifts f&, = 6:77 MeV
(1993DUQY9; a calculation with hyperspherical harmonid996DA3]); and with a three-body
cluster model folE,, = 50 MeV (1997DAO0]). See alsoX997ER051997VA0H. The excitation
function, at forward angles, of deuterons (reaction (cyyeases monotonically fdt, = 5:4 to
6.8 MeV: see 1979AJ01 1988AJ0). A multicon guration resonating-group method calcudti
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of () forE, =12 MeV is described in1995FU1§.

10.6Li(n, )H Qm = 4:7829 Ep, = 7:2499

The thermal cross section®l0 4 b: see {981MUZQ). See also{985SWO0). A resonance
occurs atE,, = 241 3 keV with o = 3:3 b: see {984AJ01 1986CA2§. The resonance is
formed by p-waves] = g , and has a large neutron width and a smalidth: see Tabl&.4.
Above the resonance the cross section decreases mondliotock, = 18:2 MeV, except for a
small bump neaE, 1.8 MeV and an in ection neakE, = 3:5 MeV. For a description oR-
matrix analyses which suggest the location of higher statéksi, see reaction 8 and.p84AJ0),
as well as {987KNO0J.

Angular distributions have been measured at many enengidfseirangeE, = 0:1to 14.1
MeV [see ((979AJ01 1984AJ0)] as well as from 35 eV to 325 keV1IO83KNO3 and 2.16 to
4.20, 7.1 and 13.7 MeV1P86BA32 1986BA69. Polarization measurements have been reported
for E, = 0:2to 2.4 MeV.: the data suggest interference between s-wawktharp-wave resonance
at 0.25 MeV. Interference between t@is state and a broa§I state 2 MeV higher also appears
to contribute. At the higher energiés, is close to+0:9 near90 and varies slowly witlE,: see
(1979AJ0). See also1983VE1Q 1984VE1A.

Measurements with polarized thermal neutrons for studpaity violation effects have been
reported in {990VE16 1994GL07 1996VEQ0). Reaction rates foE < 2 MeV were analyzed
(1997N0O03 in connection with the possibility of observing primordfiai. Calculations of tritium
production in applications of this reaction are descrive(iD93FAO).

For a study of coincidences in thki(n, d)n reaction seel@86MI11). The triton production
cross section &, = 14:92MeV is32 3 mb (1985G0O1§. The total -production cross section
[which includes the (n, nd) process]@t = 14:95MeV is512 26 mb (1986KNOS.

See also the references cited 1988AJ0).

11.5Li(p, *)7Li Qm= 1331026

At E, = 600 MeV, the reaction preferentially excitéki*(4.63). Angular distributions have
been obtained for the pions thi*(0, 0.48, 4.63) atE, = 600 and 800 MeV/Li*(11.24) [T = %
is not observed: sed §84AJ0). Recently ( ) andA, measurements were reportedet =
800MeV (1987S0O1GQ. See alsol985LE19. An analysis forE, = 201-800 MeV utilizing a
semi-phenomenological model is discussedLi®OBALOS.

12.5Li(d, p)Li Qum = 5:0254
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Angular distributions of proton groups have been studiedfp= 0:12to 15 MeV and at 698
MeV: see (966LA04 1974AJ011979AJ011984AJ0). J of ’Li*(0.48)is 1 . The two higher
states hav&, = 4630 9and7464 10keV, ., =93 8and91 8keV. The breakup reactions
involve “Li*(4.63, 7.46) and possiblyLi*(9.6) [ =0 :5 0:1 MeV]: see ((979AJ0). See also
8Be in (1988AJ0) and (L988KO1Q.

The (d, p)/(d, n) yield ratio for low deuteron energi€s; (< 1 MeV) has been studied. Cal-
culations in (990K02§ concluded that Coulomb-induced predissociation of theéeten should
in uence the ratio by< 10%. Measurements irlQ93CEO02 found no evidence of an enhanced ra-
tio for E¢y, = 20—135 keV. The yield ratio was studied in experimentsl&33Cz01 1997CZ03.
This work explained the charge-symmetry violation in teoha subthreshol@* state infBe. See
also the instrumentation-related measurementd @4YEQ9 and the thick-target gamma yield
measurements oRPQ0O0ELO§. Calculations involving conservation of channel spin agsalibed
in (1996MA36. This reaction was also discussed b997NOO02 in connection with deduction of
the primordialLi component. Calculations for energy balance in controfiesion are described
in (2000HASQ. See also the compilation of charged-particle-inducedtionuclear reaction rates
in (1999AN33.

13. 5Li(5Li, 5Li)Li Qm = 1:86

See (987MI34) andSLi.

14.5Li("Li, "Be)He Qm= 43696

The reaction was studied by §99NA3§ for E(‘Li) = 65 MeV/A to compare the Gamow-
Teller transition strengths to those deduced froatecay.

15. (a)’Li( , n)Li Qm= 7:2499
(b) "Li( , 2nyLi Qm= 1264
(c) "Li( , p)PHe Qm= 99753
(d) ’Li( , pnPHe Qmnm = 11747
(e)Li( , d)PHe Qmn= 9522
() 7Li( , t)*He Qm= 24670

The total photoneutron cross section rises sharply from &¥ b reach a broad plateau at
about 15 mb from 14 to 20 MeV, decreases more slowly to abdutrh at 25 MeV and then
decreases further to about 0.3 miicat= 30 MeV (monoenergetic photons): there are indications
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of weak structure through the entire region: s&870AJ0), (1988DI0J and (L988AJ0). A
study by (986SI1$ reported evidence for the excitation @fi*(7.46), as well as of states at
Ex = 13:75 0:03and14:65 0:03 MeV with 500and 700 keV [and integrated cross
sections of 0:14and 0.17 MeV mb], in addition to a major broad structure at 17 MeV. The
integrated cross section to 23 MeV38 4 MeV mb for theng transition andlL7 4MeV mb
for then, transition: together these account for 0.4 of the exchangenanted dipole sum dJt.i:
see ((1979AJ0). The integrated cross section for formatiorfbi*(3.56) is4 1MeV mbto 30
MeV and1ll 3MeV mbto 55 MeV: seel984AJ0).

The total absorption cross section f8fLi in the range 10 to 340 MeV shows a broad peak at

30MeV ( max 3 mb), a minimum centered at 150MeV at  0:3 mb and a fairly smooth
increase in cross sectionto 3mb at  320MeV: see ((984AJ0).

The cross section for the (p) reaction (reaction (c)) shows a maximum at15.6 MeV with
a width of 4 MeV. It then decreases fairly smoothly to 27 MeV. The intégdacross section
for11! 28MeVis132 2:.0MeV mb: see [974AJ01 1979AJ01 1984AJ0). Differential
cross sections for the ( ng + ny) and (, pg) processes are reported MPB3SEO7 1985SELY
E =48to 141 MeV). Photodisintegration cross sections in thetgesonant range were analyzed
by (1987VA05. Analyses of photodisintegration data for reactions (a,la) atE < 50 MeV
(1990VA16 were used to deduce the role of cluster con guration. Readf) has been studied
in the giant resonance region with bremsstrahlung photers, 30MeV. Deuteron groups to
°Hey.s: and possibly to the rst excited state are reported. Statékiavith E, = 25-30 MeV may
be involved wherE e = 37 to 50 MeV is used: sed@79AJ0). AtE =0:9GeV, (1985RE1A
have studied emission with the population &£i*(2.19).

The cross section for reaction (f) 80 displays a broad resonance&at 7.7 MeV ( =
7:2 MeV) with an integrated cross section@? MeV mb, a plateau fot2! 22MeV (at 0.6
the cross section at 7.7 MeV) and a gradual decrease to 48 \he\(. , t) cross section integrated
from threshold to 50 MeV is 8.1 MeV mb: se2984AJ0), and (1986V0O2(Q. More recently,
measurements of differential cross sections with linepdiarized photonsg < 90 MeV) were
reported {995BU0J. Angular distributions a8 = 6:4, 6.7, 8.5, 9.0 MeV have been measured by
(1999L102. Theoretical studies on this reaction include: a micrpgcanalysis folE < 70 MeV
(1987BUO0O4J; an analysis in the giant resonance rantfé8(/\VA0Y; a cluster structure stud¥(<
50 MeV) (1990ZH19; and a calculation of photodisintegration observablegsHo< 90 MeV
(1998K0O17%. For earlier work, see references cited1988AJ0).

16.7Li( , )Li

See Table 7.4 in1Q66LA04 [summary of early measurements] fgy of ‘Li* (0:48) = 107 5
fsec. See alsal84AJ0), (1987BE1K and (L986DUO0J.

17. (a)’Li(e, e)'Li
(b) "Li(e, & *)X
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(c) "Li(e, epfHe Qm= 99754
(d) "Li(e, enfLi Qm = 7:2499

The electric form factor measurements &y = 100 to 600 MeV are well accounted for by
a simple harmonic-oscillator shell model with a quadrupmetribution described by an unde-
formed p-shellr;.m. =2:39 0:03fm, jQj =42 2:5mb. From results obtained &, = 24:14
t0 97.19 MeVfr, s = 2:35 0:10fm (model independent?;29 0:04fm (shell model). A study
of the ratio of the electric charge scattering frém and from ’Li as a function of (momentum
transfery yieldshr2i g >=hr2i3 = 1:001 0:00& The r.m.s. radius of the ground state magne-
tization density distributionhziﬁ,l:2 = 2:98 0:.05fm. See (979AJ0) for references. More
recent theoretical studies include: a study b9q1BE4() which obtained vertex constants from
an analysis of form factors; a shell-model calculation ef¢abasis space and mesonic effects
(1992B0O30); a calculation of form factors including meson exchangetigbutions (992WA37;
and a study of shell-model structures of low lying state39( KA24).

Inelastic scattering studies show peaks correspondin.it¢0.48, 4.63, 6.68, 7.46): see
(1974AJ0) and Table7.5. Form factors for'Li*(0, 0.48) have recently been studiedi&g = 80
to 680 MeV (1989LI109 1990LI27). Theoretical work includes: a calculation b}989TA3Y) of
cross section and reduced transition matrix elements fentad nuclei; a calculation for polar-
ized electron and polarized targei©00LE14; a shell model calculation in ¢ + 2)~! space
(1990W0O10); a study of spin modes.91AR23; a microscopic cluster calculatioag91UNOD;
calculation of form factors including meson exchange abuation (1992BO30 1992WA37; and
a shell-model study of low lying state$9497KA24). For reaction (b) energy and angular distribu-
tions were measured B, = 203 MeV (1999SH2% to study spin-isospin ip giant resonances.

For reactions (c) and (d) a measurement of the momentunibdistm and study of clustering
effects was reported inLP89LA22. Calculations discussed i2@0O0LA17) were used to study
correlations in théLi ground-state wave function. See also the PWIA calculat@rpolarized
electrons and targets 0f993CA1). See alsoX988B0O0Y. For earlier work see the references
cited in (L988AJ0).

18.7Li( , )L

Li*(0, 0.48, 4.63, 6.68, 7.46, 9.67) have been populatedis teaction. Angular distribu-
tions have been measuredeat: = 49:7 MeV andE = 143 and 164.4 MeV: se€lP84AJ0).
Total and partial cross sections have been obtainedEforin the range85! 315MeV [see
(1984AJ0)] and atE + = 50 MeV (1983NA19. A measurement of inclusive analyzing power
atE = 134, 164, 194 MeV was reported byl994MEQ). A cluster-model calculation of
guadrupole effects is described i19Q4NO0§. Calculations of pion scattering f&& = 100—
240 MeV are described irQ01LEO). Nuclear transition densities predicted by Quantum Mente
Carlo calculations were used. THE( , p) reaction was studied at 0.7 Ge\by (2000AB25.
For’Li( *, p), see {998PA3). Forthe (*, 2p) reaction seeHe (1986RI0). For studies of
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Table 7.5: Levels ofLi from "Li(e, € @

Ex(MeV) |J ;T , (eV) Type

048 |1:1| (28 16 107| C2

(6:30 0:31) 103 M1

463 005° |1 ;1 c2¢

6:6 019 |2 ;2 Cc2

75 008 |3 ;3 06 03 C2
09 04°

& For a summary ofB(E2') measurements, see Table 7.6 in
(1966LA04 and the General Tables féti located on our website
at (www.tunl.duke.edu/NuclData/GenefBdbles/7he.shtjml  For
references sed §79AJ01 1984AJ0).

PBE2)[Z ! I ]=17:5€ fm*

¢ Purely longitudinal.

d m =875 keV.

€ From’Li( , n). See also t by {980BA34.

( *,pd)and ( ,pn)seel986WHO0) and (L986YO0§, respectively. For * induced ssion of
Li see (L983BA2§. See also references in the General Table'folocated on our website at
(www.tunl.duke.edu/NuclData/Genergdbles/ 7li.shtml

19. (a)’Li(n, n)’Li
(b) "Li(n, nt)*He Qm= 24673

Angular distributions have been measuredat= 0:5-3 MeV (1991AL04, E,, = 1:5t0 18
MeV [see (979AJ01 1984AJ0)], E, = 5:4, 6.0, 14.2 MeV (985CH37 ng.1, Ny), En = 6:82-
9.80 MeV (1987SC08 ng+1), 7 to 14 MeV (983DA22 np), E, = 11, 13 MeV (1988CH0)9,

8.0 and 24.0 MeV 1988HA25 ng andn, at 24 MeV),E, = 9, 9.5, 10 MeV (995HU17

n;) and at 14.7 MeV 1984SHO01 ng:+1). Double differential cross sections were measured at
E, = 11:5and 18.0 MeV 19981B0). Theoretical work includes: calculations of coherent and
incoherent scattering fdg, = 0:0728eV (1987VE02 1990G0O2§; DWBA calculations of ( )

for inelastic excitation of Li*(0, 478 MeV) (1992HU0Y; multi-con guration RGM calculations,

E, = 9:58-12.2 MeV (1995FU19; and studies of optical model potentials for nuclear datd-e
uation,E,, < 200MeV (1996CH33. Reaction (b) aE, = 14:4 MeV proceeds primarily via
’Li*(4.63) although some involvement 8Li*(6.68) may also occur: sed §79AJ0). Cross sec-
tions have been measured by activation methods,at 14:7 MeV (1987ME18) and 7.9-10.5
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MeV (1987QA0). See also the evaluation of tritium production cross sector E < 17 MeV
(1990YUO02J. See alsdLi and references cited il @88AJ0) and (L985CO18applications).

20. (a)’Li(p, p)’Li

(b) "Li(p, 2p)°He Qm= 99754
(c) "Li(p, pdy’He Qm= 9522

(d) "Li(p, pn)PLi Qmn = 7:2499
(e) "Li(p, pt)*He Qmn = 24670
() "Li(p, p )3H Qm= 24670
(9) "Li(p, )*He Qm = 17:3468

Angular distributions of protons have been measureéfor 1:0to 185 MeV [see974AJ01
1984AJ0)] and atE, = 1:89to 2.59 MeV (L986SALP py). Inelastic proton groups have been
observed tdLi*(0.48, 4.63, 6.68, 7.46, 9.6): se&452AJ381974AJ0). Double differential cross
sections for the continuum are reportecEgt= 65 MeV and 85 MeV (987TO06 1989TO04.
Measurements of differential cross sections and analypowers for g, p, and p for E, =
200 MeV were used to deduce radial transition density diffeesn@991GL0). Cross sections
for inelastic scattering to théLi E, = 0:478 MeV level have been measured in application-
related experiments fdg, = 2:2-3.8 MeV (988B0O37}, 3.2-3.6 MeV (990B0O1Y, 2.5-3.5
MeV (1994MI27), 1.03 MeV (994WI15, 0.7-3.2 MeV (995RI114. See alsol999SA1H.

For reaction (b) seelP84PA1B 1985PA1B 50-100 MeV) and 1985BE30 1985D016 1
GeV). See als6He and (984AJ0). Cross section measurementdEgt= 70 MeV were used to
distinguish contributions of 1p and 1s shell nucleons 1888PA26 1998SH33. Proton spectra
and polarization measurementsBf = 1 GeV are reported by2000MI17. For reaction (c)
see (986WA1J). For reaction (d) seelP85BE3() and®Li. Reaction (d) has been studied at
Ep = 200 MeV (1986WAL11J): the deuteron spectroscopic factor is close to unity aedésults
indicate that the deuteron cluster momentum distributsochiaracterized, at small momentum, by
a FWHM of 140 MeVEL. For measurements Bt, = 70 MeV, see (998SH33}. Cross sections for
the (p, pt) reaction (reaction (e)) are very small but aresistant with a spectroscopic factor of
unity for t+ “He in’Li (1986WAL1J). For reaction (f) recent measurements of cross sectiaths an
analyzing powers measured f6p = 296 MeV were used to deduce alpha spectroscopic factor for
Li (1998Y009. See also1983G0O061985PA1G 1985PA04. See alsGHe and ((984AJ0).

See als@Be in (1988AJ0), and references to earlier work cited ih988AJ0). For early
theoretical work on these reactions see references cit€®BBAJ0). More recent calculations
include: threshold effects in elastic scattering Ey = 1:35-3 MeV (1990GU23; differential
cross section calculated at high energies with a geometoidem(1990HUQ9; a potential de-
scription of "Li(p, p) with E, < 7 MeV (1992DUO07; calculation with a microscopic effective
interaction (993K0O44; a folding model description foE, = 25-50 MeV (1993PE1} a mi-
croscopic three-cluster model calculation Ey,, = 0:5-25 MeV, (E), S factors (994DEQ9; a

19



fully microscopic analysis foE, = 200 MeV (1997D0O0); an analysis oE, = 200 MeV data
studying shell model structures of low lyirigi levels (1997KA24); a microscopic analysis of elas-
tic scattering aE, = 25, 30 and 40 MeV 2000DEG6), E,, = 65 MeV (1998D019, and at 6070
MeV (1998FUZR; a resonance optical-model calculation Ey = 1-10 MeV 2000LA40; and

a Glauber-Sitenko diffraction theory calculation 6 = 0:16-1.04 GeV R000ZH5(. See also
(2000ZH53. Reaction rate uncertainties for reaction (g) were analy®e(1998FI03.

21.7Li(d, d)’Li

Angular distributions have been reported gy = 1:0to 28 MeV [see {974AJ011979AJ0)]
and at 50 MeV {988K01Q. See alsdBe in (1988AJ0) and (L987GOZF for a breakup study.

22. (a)’Li(®*He,3He)'Li
(b) "Li(3He, pdyLi Om= 54935

Angular distributions have been reportedEqfHe) = 11 MeV to 44.0 MeV and aE (°*He) =
333 MeV: see (974AJ01 1984AJ0). See also the compilation and analysis of differentiassro
sections forE (*He) = 24 MeV (1995MI16. The missing mass spectrum in reaction (b) at
E (®He) = 120 MeV indicates, in addition to the unresolved grouglt<(0, 0.48), a small peak at
Ex =17:8 0:5MeV, possibly some structure between 30 and 40 MeV, a ped&at 0:5MeV
( 2-3 MeV) and possibly some structure at higher enerdi@8%FR0). Measurements of
cross sections for yields of protons, deuterchse, *H and3He from 93 MeV3He on’Li are
reported by {994D0O33. For pion production sed984BR23.

23. (@)’Li( , )Li
(b) 7Li( ,2 )*H Qm= 24673

Angular distributions (reaction (a)) have been reportedfo= 3:6t0 29.4 MeV [seel974AJ01
1984AJ0)] and atE = 35:3 MeV (1985DI0§ to ‘Li*(0, 0.48, 4.63, 6.68, 7.46, 9.67); col-
lective coupled channel analysis). See als887/BU27. More recently, differential cross sec-
tions were measured & = 50:5 MeV for inelastic scattering téLi*(0, 0.478, 4.63 MeV) by
(1996BU0G. The , tcluster spectroscopic factor extracted for thisground state i§ = 1:03
0:1. Measurements of target polarizationii( , 9 to Ey, = 4:63MeV for E = 27:2 MeV
were reported byl(991K0O4). See also coupled-channels calculations for these i8¢ DMO02).
Gamma emission yields f&& = 0:7-3.2 MeV were measured for nuclear microprobe applica-
tions by (L995RI19.

Reaction (b) has been studiedeat = 18 to 64.3 MeV [see 1974AJ0]1 1984AJ0)] and at
27.2 MeV (1985K029. "Li*(4.63) is strongly involved in the sequential decay, as possibly
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’Li*(6.68, 7.46). Cross sections measuredfor= 77-119 MeV were used to deduce triton mo-
mentum distributions for + t states irfLi by (1992WAQ9. An analysis is reported il @96JA0).
See also references cited fO88AJO0).

24. (a)"Li(5Li, 5Li)"Li
(b) 7Li(7Li, 7Li)7Li
(c) "Li(*Li, 1Li)7Li

Elastic and inelastic’(i, Ex = 0:476 MeV) differential cross sections for reaction (a) have
been reported foE = 9-40 MeV (1998PO03. See alsdLi. The elastic angular distribution
(reaction (b)) has been studied f&(’Li) = 4:0 to 6.5 MeV [see {974AJ0)] and 2.0 to 5.5
MeV (1983N0O0§. Elastic and inelastic’li, Ex, = 0:476 MeV) cross sections foE = 8-17
MeV were measured and analyzed with an optical mo@i@d8BA43 1997PO0R For reaction
(c) cross sections fde (*1Li) = 300 MeV were calculated in connection with a study of nuclear
matter compressibilityl(998GR2).

25.7Li(°Be, °Be) Li

Elastic angular distributions have been measurdel(ati) = 34 MeV [see (979AJ0)] and
at 78 MeV (1986GLZV, 1986GLZY also to’Li*(4.63)). For the interaction cross section at 790
MeV/A see (985TA1S.

26. (a)7Li(1°B, 1°B)7Li
(b) "Li(11B, 1B)7Li

For reaction (a) se¥B in (1988AJ0). Angular distributions have been studied for reaction
(b) to ’Li*(0, 0.48) atE ('Li) = 34 MeV (1987C0071987C0O02. See also{987HNZ2).

27. (a)"Li(*2C, 22C)Li
(b) 7Li(*3C, B3C)'Li

Angular distributions (reaction (a)) involvingd.i*(0, 0.48) have been studied Et('Li) = 4:5
to 89 MeV [see {975AJ02 1979AJ01 1984AJ0)] and atE (‘Li) = 53:8 MeV andE (*2C) =
923 MeV (1984VI02 1986C0O02 also to’Li*(4.63)) and atE (‘Li) = 131:8 MeV (1988KA09
Li*( 0 + 0:48); and various states itC) as well as aE (’Li) = 21:1 MeV (1984MO086 elastic).
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See also 1986GLZU) and*?C in (1985AJ01 1990AJ0). Breakup studies involvingLi*(4.63)
are reported & (“Li) = 70 MeV (1986DAZP, 1986YOZU) and 132 MeV (986SHZP. See also
the measurement &(*°C) = 58:4 MeV reported by {987PA1). The interaction cross section
on carbon at 790 MeW has been measured byOB5TAL].

The elastic scattering in reaction (b) has been studie& {oki) = 4:5to 34 MeV [seeC in
(1985AJ0)] and by (1987C0021987C0O16 34 MeV, also to’Li*(0.48)). For earlier work, see
references cited inLO88AJ0).

28. (a)"Li(**N, N)7Li
(b) TLi(*5N, 15N)Lj

Elastic angular distributions (reaction (a)) are repogt# (‘Li) = 36 MeV [see (1981AJ0)]
andE (**N) = 150 MeV (1986GO1H while those for reaction (b) have been studied éiLi) =
288 MeV [see'®N in (1986AJ0)].

29.7Li(*%0, 0YLi

The elastic scattering has been studied fil®(iLi) = 9:0 to 20 and at 68 MeV [se&O in
(1986AJ02] as well as aE (‘Li) = 50 MeV (1984C020). For fusion cross sections and breakup
studies seel©®84MA28 1986MA19 1986SC281988MA07). See alsoX982GU21 1988PR0O}

30. 7Li(®°Ne, 2°NeY'Li

Angular distributions have been studieddf Li) = 36, 68 and 89 MeV: se®Ne in (1983AJ0).

31. (a)’Li(**Mg, *Mg)’Li
(b) "Li(3Mg, 2°Mg)’Li
(c) "Li(*°Mg, ?°Mg)’Li
(d) "Li(Z’Al, Z7Al)Li

The elastic scattering has been studiel @Li) = 89 MeV and at 27 MeV (reaction (b)): see
(1984AJ0). A study of the breakup ofAl is reported by {986NAZV) and the interaction cross
section at 790 Me\AX has been measured bi985TALY. See alsol9880T01 1988SAL10).
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32. (a)"Li(?8Si, 28SiYLi
(b) "Li(#°Ca,*°Ca) Li
(c) ‘Li(*®Ca,*®CaYLi

Angular distributions involving Li*(0, 0.48) and various states 6fSi and“°Ca have been
studied aE (“Li) = 45 MeV. The elastic scattering dCa and*®Ca has been studied &{(’Li) =
28, 34 and 89 MeV [the latter also fhi*(0.48)]: see (L984AJ0). Angular distributions (reaction
(b)) involving Li*(0, 0.48) have also been reported&f’Li) = 34 MeV (1985SA25. See also
(1985G0111986SA1N 1987SA1Q.

33.7Be( )Li Qm = 0:8618

The decay proceeds to the ground and 0.48 MeV states. Thehingratio to’Li*(0.48) is
1044 0:04%, and the adopted half-life 8322 0:06 d. Both transitions are superallowed:
logft = 3:32and 3.55 for the decays thi*(0, 0.48). See alsol979AJ0). The rst excited state
hasgy [from E | = 477:612 0:002keV: see {984AJ0). A recent investigation of the decay
utilized a high ef ciency BeO calorimeter developed for useai’Li solar neutrino experiment
(1998GA09. The decay rate of BeOHvas studied under pressures up to 441 kbaoQLI21) and
showed systematic dependences at the 1% level. A large elatite decay rate fdBe implanted
in Au and ALOs; was observed byil@99RA13 indicating that the chemical environment affects the
'Be lifetime. A further decay study usin@e in BeO, BeOH and Bé&* (OH,), molecular forms
(1999HU20 found considerable variation (1:5%) in the lifetime. Less signi cant effects of the
chemical environment on the measured half-life have beeasared by 1949SE201953KR16
1956B0O36 1970J021 1973HE27. The authors of Z000HU2(Q deduced a half-life value of
5342 0:.01d for ‘Be in BeOH. A systematic discussion dBe half-lives is included in the
evaluation of R. Helmer (see Tablet). Helmer's evaluation produced a general-use value of the
half-life, 5322 0:06d, which is intended to be valid for Be and BeO samples and adedoa
various chemical forms. In spite of more precise measuréesdithe’ Be lifetime that show these
environmental effects, we presently adopt this value.

In related threshold investigations, the polarizationted internal bremsstrahlung has been
calculated {988MEQ§ as well as the effect of daughter atom ionizatid®44RE1$ and the
fractional electron probablitied998SC28 For earlier work, see references cited 1988AJ0).

34.Be(n, p)Li Qm =1:6441

Total cross sections have been measurel,at 0:025-13.5 keV ((988KO03. The cross
sections obtained for the.i ground and rst excited stateg( = 0:477MeV) were38400 800b
and420 120b, respectively. The astrophysical reaction idfe< > was calculated. Uncer-
tainties in elemental abundances from primordial nucletissis were deduced ih§98F103.
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Table 7.6:"Be( )’Li decay?

Branching ratio td'Li*(0.48) 'Be Half-life
Branching ratio (%)  References | Half-life (days)| References

10'% (1938RUO0) 53 2 (1940HI101)
107 20 (1949WI113 5293 0:22 | (1949SE2)
11:8 1.2 (1949TU0G 5361 0:17 | (1953KR1§
123 06 (1951DI119 530 04 (1956B0O36
1035 0:08 (1969TAZX) 535 0:2 (1957WR37J
1047 0:20 (1970MUZU) 531 03 (1965ENO0)
1042 0:18 (1973PO1D 5352 0:10 | (1970J02)
1035 0:08 (1974G0O2% 530 0:3 (1974CR0O%
10:10  0:45 (1983BA15 5317 0:02 | (1975LA16
1061 0:23 (1983DA14 5316 0:.01 | (1982CHZH
106 05 (1983D0O07 53284 0:004 | (1982RUZV)
109 11 (1983KN1Q 5312 0:07 | (1996JA1)
107 02 (1983MA39

9.8 05 (1983N003

114 07 (1984EV0)
1061 0:17 (1984FI10
1049 007 (1984SK0)}
1044 0:04 weighted average 5322 0:06° adopted

@ Evaluated by R. Helmer in conjunction with the Decay EvahraProject (999BEZQ
1999BEZS. We are grateful to Dr. Helmer for providing this infornmatito us.

b Adopted by the evaluator from Limitation of Relative Stttial Weight (LRSW)
(1985Z1ZY, 1992RA09 analysis.
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35.8Li( , n)Li Qm= 20328

Cross sections(E) forE = 2-7 MeV were measured by 998MIZY). See {999ZHZN for
a compilation and evaluation of cross section data.

36.°Be( , d)'Li Qm= 166958

Differential cross sections f&@ = 21-39 MeV were measured b$999SHO0%. See (999ZHZN
for a compilation and evaluation of cross section data.

37.°Be( , 2n)'Li Qm =119:8674

The capture of stopped pions has been studied in a kineryatioaplete experiment:Li*(0,
0.48) are weakly populated. Two large peaks are attributehlet excitation of Li*(7.46, 10.25).
The recoil momentum distributions corresponding to thesskp are rather similar and both indi-
cate a strondt = 0 component: seelQ79AJ0).

38.°Be(n, tyLi Qm = 104387

An angular distribution is reported Bt, = 14:6 MeV (1987ZA07% to+1 ). See alsol979AJ0)
and'°Be in (1988AJ0). Cross section measurements have also been reporteg fod2:9-19.6
MeV (1988LI05 and forE,, = 16-19.6 MeV with Hauser-Feshbach calculatioh840WOO07.

39. (a)°Be(p,3HeYLi Qm= 112021
(b) °Be(p, pdyLi Qm = 166961

At E, = 43:7 MeV, angular distributions have been obtained for¥He particles correspond-
ing to “Li*(0, 0.48, 4.63, 7.46). The 7.46-MeV state is strongly ite@t while the analog state in
'Be is not appreciably populated in tPBe(p, tyBe reaction (see reaction 217Be). The angular
distribution indicates that the transition tbi*(7.46) involves bothL = 0 and 2, with a somewhat
dominantL = O character. Thd = 2 | T = 2 state is located &, = 11:28 0:04 MeV,

=260 50keV: see [979AJ0). Reaction (b) aE, = 58 MeV involved ’Li*(0, 0.48, 7.47)
(1985DE17. See alsol987KA25.
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40. (a)°Be(d, )Li Qm = 7:1509
(b) °Be(d, tfHe*He Qm = 4:6836

Angular distributions have been measureddgr= 0:4t0 27.5 MeV [seel966LA04 1974AJ0]

1979AJ0)] and atEy = 2:0 to 2.8 MeV (1984AN16 ,, ). A study at 11 MeV nds

em =93 25and80 20keV, respectively forLi*(4.63, 7.46). No evidence is found for the
T= % state’Li*(11.25). Differential cross sections measuredsgat= 67—75 MeV for excitation
of "Li*(0, 0.48, 4.63, 7.46) were used to deduce spectroscaplitudes (989S70). Measure-
ments of vector analyzing powers fdri*(0, 0.48) were reported byl©94LY02 for Eq = 1:3-3.1
MeV. Measurements d& ., = 57-139 keV (997YA02) andE.,, = 30-130 keV (997YAQO]
were used to deduce astrophysiGafactors. Differential cross sections f&y = 90-290 keV
are reported in40010CZJ. AstrophysicalS factors were deduced. See ald®990CZ3.
The previous review1988AJ0) notes that in a kinematically complete study of reactionato
Eq = 26:3 MeV, 'Li*(4.6, 6:5 + 7:5, 9.4) are strongly excited. No sharpdecaying states of
’Li are observed witl0 < E , < 25MeV. Parameters fofLi*(9.7) areE, = 9:36 0:05MeV,

=0 :8 0:2MeV:see (979AJ0). [Ex =6:75 0:20MeV, =0 :87 0:20MeV (1986PA1H].
A study of inclusive -spectra aEyq = 50 MeV has been reported by 987KA17) who suggest
the involvement of dLi state atE, = 18 1MeV, =5 1 MeV. For reaction (b) see also
(1987VA29. See alsd'B in (1990AJ0) and (L98SNE1A. In more recent studies of reaction
(b), differential cross sections have been measurdejat 18 MeV (1988G0O02 1988GU20)
andEy = 7 MeV (1988SZ0). See also the measurements @QE) for E4 = 0:9-11.2 MeV
(1994AB29, Ay( ) for Eq = 1:3-3.1 MeV (1994LY02, ( ) atEyq = 3—-11 MeV (1995AB4])
andE4 = 8-50 MeV (1995GU23. AstrophysicalS factors were determined in measurements at
Ecm = 57-139 keV (L1997YAO02 1997YA0S.

41. (a)°Be(Li, ®Be)’Li Qm =5:5845
(b) °Be(Be, 'B)"Li Qm = 0:8805

Angular distributions involvingLi*(0, 0.48) have been reported&(°Li) = 32 MeV (1985C0O09
andE (°Be) = 14 MeV (1985JA09. Reaction cross sections have been calculate@®y1(BH02)
for E(°Li) = 790 MeV/A.

42.9B(n, )Li Qum = 2:7891

Angular distributions of 3, ; and of , at the higher energies have been measured from
E, = 2 keV to 14.4 MeV: seel979AJ01 1984AJ0). (0:48) = 102 5 fsec (L985KO47.
More recently measurements of the ground to excited-statesition ratio (n, o)= (n, )
for E, = 0:2-1.0 MeV were reported byl@91WE1). A relative measurement of th&€B(n,
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)’Li cross section has been mad©93SC2) for E,, = 0:2-4.0 MeV. A study of P-odd ef-
fects (in the mixing of opposite-parity levels) in this réan determined forward-backward asym-
metries for the o and ; groups(3:4 6:7) 107 and( 25 1:6) 10 ’ respectively
(1996VEO03. Earlier work was reported inLO86ERO0S 1994GL07j. Measurement and analy-
sis of the Doppler-broadened gamma line shapes producéde it , ) reaction for the pur-
pose of boron concentration determination are describdd984SA72 1998MA6]). See also
(1997SA70. For early polarization studies (involving both n aiB) see (986K019 and!B in
(1990AJ0). See alsol986CO1M applications). See also the more recent measurementaind ¢
culations of (999VEOJ and the measurement at thermal energie2000GOO03. A calculation

of correlation parameters and study of time-reversal inmagaelated features are described
in (2000GA43.
43.1B(d, 5Li) "Li Om= L12
See’Li.
44.°B( | "Be)Li Om= 162015

Angular distributions involvindLig4.s and’Bey.s and’Li*(0.48) + 'Be*(0.43) have been stud-
ied atE =91:8MeV (1985JA121986JA03. See also{988SH1Etheor.).

45.1Be( YUB* ! TLi+ Qm=1:211

Delayed -particles have been observed in thedecay of''Be: they are due to the decay of
11B*9.88) [ = §+ ]. This state decays by-emission87:4 1:2% to the ground state df.i and
126 1:2% to ’Li*(0.48) (1981AL03. See alsd'Be and!'B in (1985AJ0).

46.11B(3He, "Be)'Li Qm= 7:0780

Angular distributions involvindLi 4« and’Bey.s and’Li*(0.48) + "Be*(0.43) have been stud-
ied atE (3He) = 71:8 MeV (1986JA02 1986JA03. See also(987KW01, 1987KWO03.

47.11B( , ®BeYLi Qm= 87567
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Angular distributions have been measurecEat = 27:2 to 29.0 MeV and at 65 MeV. At
E =65 and 72.5 MeV/Li*(0, 4.63) are very strongly populated whil&i*(0.48, 6.68, 7.46) are
weakly excited: se€l@79AJ011984AJ0).

48.12C( ,p YLi Qm= 246216

Cross sections were measureat= 27—-47 MeV with bremsstrahlung photons ipO8KO77.

49.12C(d, "Be)'Li Qm= 175415

Angular distributions involvindLi 4.« and’Bey.s and’Li*(0.48) + "Be*(0.43) have been stud-
ied atEq = 39:8 MeV [see (1979AJ0)] and at 78.0 MeV 1986JA03 1986JA1Y). See also
(1984NE1A and (1987KWO01, 1987KWO03.

More recently differential cross sectionsEat = 78 MeV were measured in a study of ve-
nucleon transferl(996JA13.

50. 12C(t, Be) Li Qm= 48997

Angular distributions have been studiedat= 38 MeV to ®Be,. and’Li*(0, 0.48) (1986SIZ9.

51.12C( , °B)’Li Qm= 248985

Angular distributions are reportedat = 49:0and 80.1 MeV {984G0O03. See alsol984AJ0).
Differential cross sections were measure&at= 90 MeV by (1991GLO03.

52.12C(6Li, 1C)Li Qm= 114719

Angular distributions have been obtainedegfLi) = 36 MeV for the transitions tdLi*(0,
0.48): see1979AJ0). See alsol986GL1B. More recently differential cross sections and po-
larization observables were measure &tLi) = 50 MeV in a study of mirror states ifLi, 'Be
(1997KE04.

53.%2C('Li, 'Be)'’B Qm = 142307
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The reaction was studied §99NA36 at E ('Li) = 65 MeV/A, and Gamow-Teller transition
strengths were compared to those deduced fratecay.

54.13C(d, ®Be) Li Qm= 35887

At E4 = 14:6 MeV angular distributions are reported for the transitiems$Li*(0, 0.48) and
8Beys: see (979AJ0). See also{984NE1A 1984SH1D).

55.1N(n, 2 )Li Qm= 88228

At E, = 14:1 MeV, "Li*(0, 0.48) are approximately equally populated: s&879AJ0). Dif-
ferential cross sections have been measurdsl,at 14:4 and 18.2 MeV invoIvingsBeg;s; and
"Li*( 0 + 0:48, 4.63) (L986TUO02.

56.140(n, 7Li)X

Gamma ray intensities and photo production cross secti@re weasured foE, = 4-—
200 MeV by QOO1INEO9.

57. (a)70(d, 2CY'Li Qm= 25807
(b) 180(d, 3C)'Li Qm= 56791
(c) 1°F(d, N)7Li Qm= 61228

At E4 = 14:6 to 15.0 MeV, angular distributions have been measured ®@itrdnsitions to
12Cy.s + 'Li*(0, 0.48) [reaction (a)],**Cq.s: + "Li*(0, 0.48) [reaction (b)] and*Ng.s + “Li*(0,
0.48) [reaction (c)]: seel@79AJ0). See alsol984AJ0).

58.27Al(7Li, t )X

A Coulomb breakup experiment reported B0Q1TOOY used a 42 MeV Li beam incident
on target of’Al, 8Ni, 84Zn, °0Zr, 120Sn, 144Sm, 169Tm, 1°’Au and?®®Pb. The spectra of breakup
particles were studied and the astrophys&#ctors,S(E) for *H( , )’Li, were deduced.
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59. " Ag("Li, X)

Measurements of charged particle multipolarity, anguistridbutions and rapidity distributions
were reported in001AB29. Li cluster structure was deduced.

60. 298Pb('Li, 7Li)2%8Pb

Elastic and inelastic cross sections and analyzing powers measured & (’Li) = 27 MeV
to study the effect of electric dipole polarizability Gfi (1998MAG5.
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Be
(Figs. 10 and 11)

GENERAL: References to articles on general propertie$Bef published since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables féBe located on our website atvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7be.shtl

The interaction nuclear radius 6Be is2:22  0:02 fm (1985TA19. [See also for derived
nuclear matter, charge and neutron matter r.m.s. radii].easurement of the magnetic moment
by (1998KAZN) gave a preliminary result; = 1:398 0:015 .

1. 7Be( )Li Qm = 0:8618

The -capture decay is complex: see reaction 34.in

2.%He(He, )'Be Qm = 1:5866

The capture cross sections have been measurdgl fer0:250to 5.80 MeV and aE (°*He) =
19 to 26 MeV [see {974AJ0]1 1984AJ0)], at E.,, = 195 to 686 keV (988HI0H, and at
E = 385 to 2728 keV (9840S0P and 1225 keV 1984AL24). One of the main reasons for
doing these measurements is to determine the astrophgi@pfactor. The values o%(0) ap-
pear, on the average, to be higher if the experiment invalweasurement of the 0.48 MeV
following -capture rather than if it involves a direct measurementefdapture -rays. It is
not entirely clear why this should be so. Contaminant prddaotf ‘Be may be involved: see
(1988HI09 and e.g. {984AL24 1985FI10Q 1986LA22. Earlier measurements, sometimes re-
calculated, are discussed WOE6LA22 1987KALR 1988HI0§. The latter adopt best values of
S(0)=0:51 0:02keV b [prompt -rays] and):58 0:02keV b ['Be activity] (1988HI0§. See
also (L984AL24 1985FI10 1987KALR 1988BA8§H. More recently, {993MO1) measured dif-
ferential cross sections féHe— scattering foE ., (*He) < 3MeV and obtained optical potentials
which were used to calcula®(0) for the capture reaction. They obtaing(D) = 0:516keV b
in agreement with ¥988HI0§. They also calculated the branching ratio for transitiorttie
rst excited state and ground state to Be = 0:43. Theoretical calculations are in general
agreement with the experimental values. SE#8BAJ0) for examples from some of the early
work. Calculations of astrophysic8lfactors for the capture reaction are includedlif§8BU17
1988KA07, 1989CH37 1989CH48 1989KA18 1995DU09 1995L107, 1997DU15 2001NOO0J.
Phase shifts and cross sectioBsy{ < 5MeV) were calculated in an extended two-cluster model
by (2000CSO0%. AstrophysicalS factors were deduced. See also thdactor calculation of
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Table 7.7: Energy levels dBe

Ex (MeV keV)|J ;T or cm: Decay Reactions
g.s. 2.3 | 12=53:22 006d* | -capture|1,2,4,5,9,10,11
13, 14, 15, 16, 17
21, 22, 24, 25, 26
27,28, 29, 33, 34
0:42908 0:10 | 1 ;1 m =192 25fsec 2,4,5,9 10, 14
16, 17, 21, 22, 23
24, 25, 26, 27, 28
29, 33,34
457 50 % ; % =175 7 keV 3He, 3,5,10, 14,16, 17|,
21, 22
6:73 100 g ; % 1.2 MeV 3He, 3,8,9,14, 21
721 60 g : % 0:40 0:052 p, °He, 3,6,8,9, 14,17
9:27 100 |1 ;1 p,°He, |3
9.9 3,4 1:8 MeV p,°He, |3,6
1101 30 |3 ;3 320 30keV |p,°He, |3,6,14,21
17° :.3 6:5 MeV SHe |3

a Newly adopted in this evaluation or revised from the presieuvaluation {988AJ0).
b For possible states at highg see reactions 3 and 6.

(2001CS03. The reaction rate af = 300 K was calculated in{989SC2%. See also the re-
lated work of (990SC161990SC2%. The reaction rate and the effects of electron screening on
the solar neutrino ux has been calculated BP(QOLI13. The reaction rate and a correction to the
Gamow penetration factor were calculated b944KA02). See also the calculations described in
(1998F102 1999BU1Q 1999SH132000BA09. As noted in {988AJ0), the solar model calcu-
lations of (L1982BA8( usedS34[S(0)] = 0:52 0:02keV b. It appears clear that the uncertainty
in Sz4 is not of severe consequence to the solar neutrino problee ¢sg. 1985F11D)]. For other
early astrophysical-related work se®84AJ011988AJ0). See alsoX986LI104).

3. (a)*HeCHe,3HeY'He Ep = 1:5866
(b) “HeCHe, pfLi Qm= 40193

Elastic-scattering studies have been reportedEfor 0:25to 198.4 MeV [see 1974AJ0]
1979AJ011984AJ0)] and atE = 56:3t0 95.5 MeV (L985NE081986YA14). Analyzing power
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Table 7.8:"Be level parametersfrom SHe + “He

E, (MeV keV)|J |I LS term 2b 5
4:57 50 713 2F;2, 0:70 0:04
6:73 100 |3 |3 2Fs., 1:36 0:13 | 0:000 0:002
7:21 60 >3 “Ps-p 0:010 0:001| 0:26 0:02
927 100 |Z |3 *Dy= 0:70 0:26 0:29"0%8 ¢
10.0¢ 3 (“Ps=))
16:0° 5 (*P1=2)
11:00 50f 3 11| (°Ps=, ?Ds=) 0:13 0:029

a See also Table 7.1A966LA04). For references see Table 7.7 if®79AJ0).
b 22R 2/3~2. R =4:0fm.

¢ 51=1:8 05

d =1 :8MeV.

€ Broad.

f'=0:4 005MeV;T= 3.

g 2
p2*

measurements have been carried ol at4:3to 98 MeV [see {979AJ0)] and atE (3He) = 55
to 95 MeV (L986YA14.

For | 4, only f-wave phase shifts show resonance structureEfgiHe) < 18 MeV, cor-
responding tdBe*(4.57, 6.73, 9.27): see Table8. No structure corresponding t@e*(7.21)
Jd = g ) is seen in the elastic data. The s-wave phase shift is soategvbater than hard-
sphere. The decay dBe*(9.27) § = % ) to ®Lig.s requires f-shell con guration admixture.
An estimate of the yield of ground-state protons relativehtose corresponding téLi*(2.19)
yields 2(po)= ?(p1) = (16*5,)% (1967SP1 A phase-shift analysis (single-levBl-maitrix)
has been carried out f& (*He) = 18 to 32 MeV: the p-wave phase shifts indicatézt astate at
Ex 167 MeV (E, = 26:4 MeV), with =6 :5MeV (1978LU0Y. An R-matrix andS-matrix
analysis {992ZU03 of elastic scattering & (cm) = 11 41 MeV on a polarizecHe target
gave evidence of broa%zl+ and% resonances. ThR-matrix center-of-mass resonance energies
and widths for th%+ and% resonances afe,.s = 29:5 1.0MeV, =8 :5 2:5MeV and
Ees=32:5 1.5MeV, =10 :5 3:.0MeV, respectively (see Table9). See also the earlier anal-
ysis reported in19890S0%. Differential cross sections were measuredg¢tHe)=1 3 MeV
by (1993MO1). The data together with other available data were analyaadithe optical poten-
tials obtained were used to calculate astrophysiciactors for the radiative capture reaction (see
reaction 1).

The differential cross section for reaction (b) has beerrdeihed forE (*He) = 8 to 28 MeV
[see (979AJ0)] and atE = 22:2 to 26.5 MeV. Resonances are observed corresponding to
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Figure 10: Energy levels dBe. For notation see Fig. 5.
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Table 7.9:'Be levels fronfHe( , )2forl 4

Eres (MeV) b (MeV) Ex J
295 1.0 85 25 [311 10| ¥
325 15 105 30 (341 15| 4

a From R-matrix analysis 1992ZU03. See also the analysis of
(19890S0%.
b Center of mass energies.

Be*(7.21, 9.27) in they yield, to 'Be*(9.27) in thep, yield and to states &, 10 MeV
(T = %) and 11.0 MeV T = g) in the yield of 3.56 MeV -rays. The evidence for the latter
derives mainly from interference arguments. There is atsnesevidence for an extremely broad
J = % structure aE,  10MeV [see als@Li(p, p): reaction 6]: see Tablé.8and (L974AJ01
1984AJ0). For + 3He correlations seel@87PO0% See also the General Table fd@e lo-
cated on our website aivivw.tunl.duke.edu/NuclData/Genertbles/7be.shtil For elastic and
inelastic inclusive scattering cross sectionp at= 7:0 GeV/c see (984SA39 1987BA13. See
also (L9841W01,; astrophys.).

References to early theoretical work &e + “He reactions are given in®88AJ0). More
recent theoretical studies include: an RGM study of theHe cluster con guration1991FU03;
a potential description of cluster channel993DUO0J; inversion of phase shifts ari@®e bound-
state energies to obtain potentidl®94COO0§; a calculation of Be charge form factord 987R02%;
microscopic cluster theoryi@87TAQ0G; Glauber amplitude expansion calculation ¢f) (1988CH16
1990LI111); a calculation of scattering lengths and astrophyssdalctors (988CH471989CH34;
a study of potentials deduced from phase shif836MA37); and a multicon guration RGM cal-
culation of reaction cross sectiors9Q5FU16.

4.%He( , n)Be Qmn = 189910

Angular distributions have been reportedtat= 61:5to0 158.2 MeV (982GL0) and 198.4 MeV
(1985W01) for the transitions tdBe*(0 + 0:43). Cross section measurement&at= 160, 280,
620 MeV are reported in2D01ME13. See also4001AU0§. Thermonuclear reaction rates for
this reaction calculated from evaluated data are presémtéé compilation {999AN33.

5.5Li(p, )"Be Qm = 5:6058

At low energies £, = 0:2 to 1.2 MeV) gamma transitions to the groundg)(and to the
0.43 MeV ( ;) states have been observed. The yield shows no resonantkleeabcnching ratio
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remains approximately constant@t 5% to the ground state arB9 2% to 'Be*(0.43): see
(1974AJ01 1984AJ0). Angular distributions of o and 1 have been studied &, = 0:50, 0.80
and 1.00 MeV {987TI09. At E, = 44:4 MeV, "Li*(4.57) is strongly populated1©85HAQS.
See also19830S04, (1983HALR 1984B0O1(G 1985CA41 astrophys.) andlO85BL1B).

In other work, angular distributions and-to-charged-particle ratios were measured for
Ep = 40-180 keV and used to deduce astrophys&&dctors (992CE0)}. See also the measure-
ments atE, = 30-180 keV of (993BRZQ. Measurements of thick-target yields and analyzing
power versus were made with 80 keV polarized beams and used to deducéveetap wave
contributions and astrophysic8l factors (996LA10. The slope of the astrophysic8al factor
was deduced from measurement&gt= 80, 95 and 110 keVI999KEZY). See also the cross
section measurements@f = 0:8 MeV of (2000SK03. A compilation and review of Coulomb
dissociation experiments of astrophysical signi cancprissented in996RE1§. Reaction rates
for E, < 2MeV were analyzed byl@97NO04. The primordiaPLi component was deduced. A
compilation of charged-particle induced thermonucleactien rates is presented ib999AN35.
Cross section measurement&gt= 0:8 MeV are reported byA000SKO03.

6. (a)®Li(p, p)oLi Ep, = 5:6058
(b) éLi(p, 2p)°He Qm= 4497
(c) °Li(p, p )*H Qm= 14747

The previous reviewl(988AJ0) notes that measurements of elastic angular distributiane
been reported foE, = 0:5to 600 MeV: see 1966LA04 1974AJ0) and®Li. Two resonances
are reported d#, = 1:84and 5 MeV in the elastic yield Be*(7.21, 9.9)]. The parameters of the
lower resonance are shown in Tallgl. The 5-MeV resonance has 1.8 MeV and appears
to also be formed by p-waves% is then3 2 MeV fm. A weak rise neaE, = 8 to 9 MeV
may indicate a further levefBe* 13 MeV. A broad resonance &, = 14 MeV has also
been suggested. Polarization measurements have beezdaautiforE, = 1:2to 800 MeV [see
(1974AJ011979AJ011984AJ0)] and atE, = 4 to 10 MeV (1986BE1H py) and 25 and 35 MeV
(1982ROZT 1983P01B 1983P0OZX po, p1). A phase-shift analysis fdg, = 0:5to 5.6 MeV
shows that only’S, *S and*P are involved. ThéPs-, amplitude resonates &, = 1:8 MeV,
and the broad resonance at 5 MeV can be reproduced equallpymvaither*P;-, or 4P;-,: tensor
polarization measurements are necessary to distingutsiebe the two: seel@74AJ0).

In more recent work, cross sections and analyzing powers measured &, = 1:6 10MeV
(1989HALY), atE, = 200 MeV (1990GL0j and atE, = 0:4 2:2MeV (1995SK0). Parameters
for the E,(lab) = 1:8 MeV resonance were measured MB95SKO0) (see Table7.10. The
depolarization parameter was measurel at 72 MeV (1994HE1).

The reaction cross section for formation %fi*(2.19) has been measured f&, = 3:6
to 9.40 MeV: a broad resonance indicates the presence ofte \sith E 10 MevV, =
1:8MeV,J =(3,2) ,T = 3. The cross-section and angular distributions {§1i*(3.56))

3

for E, = 4:26t0 9.40 MeV are analyzed in terms of two = 5 states aEy 10 and
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Table 7.10:Be level parameters frofiLi + p phase shift analysfs®

Phase Shift Ees © (MeV) Ex (MeV) p (MeV) (MeV)
4Ps_, @ 156 01 72 01 | 019 005|040 0:05
2P, P 368 031 | 929 031 | 047 033|193 0:96
4P, P 420 012 | 981 012 | 165 025|221 0:29
4P, P 4:39 0:17 | 1000 0:17 | 042 014|168 058
4Py, P 6:76 127 | 1237 1.27 | 1:.81 1.03| 495 3:23

@ From Table 1 of {995SK0).

b From Table 2 of {989HA19.
¢ Center of mass energies.

11 MeV: see reaction 3. The total cross section for formatibfLi*(3.56) decreases slowly
with energy forE, = 24:3 to 46.4 MeV. The total reaction cross section has been meadar
Ep = 25:0to 48 MeV (1985CA3§. K| spectra aE, = 50, 65 and 80 MeV, = 3 20, are
reported by {987SA49. For the inclusive cross section B, = 200 MeV [back angles] see
(1984AV07). See also the measurement of cross sections and analyawveypfor excitation of
®Li*(2.18, 3.56) atE, = 200 MeV (1990GL0J. Theoretical work on this reaction published
since the previous reviewl 988AJ0) includes: a folding-model calculation to deduce halo ef-
fects (L992GA27; self-consistent calculation with matter-cluster dymamodel (L992KA09; a
potential description study with a supermultiplet symmejpproximation {993DUQ9; a descrip-
tion with a microscopic effective interactiohg493K0O44; a consistent folding-model description
(1993PE13 a calculation for (p, p) and (p9with Glauber-Sitenko diffraction theory §947H28
19947H39; an analysis with phenomenological microscopic optiaatleptials (995GA29; a
consistent analysis of the analyzing power puzzB96KA03; a continuum-continuum coupling
analysis {995KA07); a fully-microscopic analysis &, = 200 MeV (1997D00); an RGM study
of ag resonancel9971G09; a study of shell-model structures observed in proton dect®n
scattering {997KA24); and a microscopic-model analysis 6§ = 65 MeV (1998DO14.

For reaction (b) segHe and®Li. For reaction (c) seéLi, and references cited i1 988AJ0).

7.°%Li(p, n)°Be Qm = 510700 E, = 5:6058

The yield of neutrons increases approximately monotolyié@m threshold t&e, = 14:3MeV:
see ((974AJ0). The transverse polarization transfBry (0 ), for the g.s. transition has been
measured folE, = 30 to 160 MeV: see 1984TA07 1986TALE and®Be. Analyzing-power
measurements are reportedggt = 50 and 80 MeV (987SA46 and at 52.8 MeV 1988HE0§
[Kg0 (0)= 033 004 aIsoKZZO]. See also1986MC09 E, = 800 MeV) and (L984BA1U,
1986RA21 1986SA1Q. For more recent work see the discussion on this reactideniBe.
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8.5Li(p, )3He Qm = 4:0193 E, = 5:6058

Thermonuclear reaction rates and the astrophySdalctor have been derived from the low-
energy E, < 0:7 MeV) cross section measurementS(0) 3:1 MeV b: see (974AJ01
1979AJ01 1984AJ0). At higher energies the cross section exhibits a broad nh@aximum near
Ep =1 MeV and a pronounced resonanceéegt= 1:85MeV (- < 0:5 MeV). No other structure
is reported up tde, = 5:6 MeV. Measurements betwedt), = 0:4 and 3.4 MeV show that the
polarizations are generally large and positive: S ¢AJ0).

Angular distributions have been reported gy = 0:15to 45 MeV [see {974AJ011979AJ01
1984AJ0)] and at47.8, 53.5, 58.5 and 62.5 MelO84NEOY. For other early work see references
cited in (1988AJ0). More recently, measurements of analyzing power velsufor E, = 180-
280 keV were reported byL091BU14. Tests of isotopic dependence of electron-screeningtsffe
on the astrophysica factor were reported foE.,, = 10—-1004 keV (992ENO01 1992ENO0J.
See also: an analysis &factor data forE.,, = 10-1000 keV (992S02% a study of atomic
screening and other small effects in reaction ral&97BA99; a study of screening effects for
solid targets 1997B0O12; an optical-model formulation an8l factor calculation fole = 10—
100 keV (1997KI102); a study of reaction rates and the primordiai component {997NO0;
and a study oR-matrix parameterization fdt.,, < 1 MeV (1998AN1§. Thermonuclear reaction
rates for this reaction calculated from evaluated data@semted in the compilatiodn 999AN35.

9.5Li(d, n)’Be Qum = 3:3812

Angular distributions of th@y andn; groups have been measuredgt= 0:20to 15.25 MeV:
see ((974AJ011979AJ0). Then— correlations are isotropic, indicatidg = % for 'Be*(0.43).
Broad maxima are observed in the ratio of low-energy to higérgy neutrons aty = 4:2 and
5.1 MeV ['Be*(6.5, 7.2), «m = 1:2and 0.5 MeV, respectively]: se@466LA04). See alsédBe in
(1988AJ0) and (1988KO1Q.

Measurements & < 1 MeV and determination of the astrophysi&afactor as well as studies
of the (d, n)/(d, p) ratio are described O3CZ011997CZ03. Cross section measurements and
S-factor determinations &4 = 24-111 keV are reported iR001HO23. A calculation of the
(d, n)/(d, p) branching ratio and discussions of the rate afl@uob-induced predissociation is
presented in]990KO2§. Cross sections fde < 1 MeV were calculated and reaction rates were
deduced by Z001VO03. Calculations of radiated power vs. plasma temperaturentrolled
fusion are described il P99HAS(. See alsol996B0O27 1997NO0J.

10.SLi(3He, dyBe Qm =0:1123

Angular distributions of thel, andd; groups tod’'Be*(0, 0.43) have been measuredE{tHe) =
8, 10, 14 and 18 MeV and & (°*He) = 33:3 MeV ['Be*(4.57) is also populated]: se&974AJ01
1984AJ0).
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11.5Li(5Li, He)'Be Qm = 1:1091

See (987MI34) and°He.

12.5Li(7Li, "BefHe Qm= 43696

The reaction was used b 498NA14 to separate S=0 and S = 1 transitions through
coincidence measurements ofays from the’Be 0.43 MeV state.

13.7Li( *, 9)7Be Qm = 3:7318

Forward-angle differential cross sections have been medstE - = 20 MeV (1987IR0%
also atl55 and166), at 33.5, 41.1, 48.7 and 58.8 Me¥985IR01 1985IR03, 70 to 180 MeV
[see (1984AJ0)] and from 300 to 550 MeV1988RO03J.

A Glauber-model analysis of( ) for E = 250-650 MeV is described inl@900S0). Model
calculations of cross sections and polarization obseegadnle presented ing99NOO03I.

14. Li(p, n)'Be Qmn = 16442
Ethresh: = 1880:443 0:020keV (85WH1A)

The excitation energy dBe*(0.43) is42920 0:10keV, , =192 25fsec: see1979AJ0).
Angular distributions ohy andn; have been reported Bt, = 1:9to 119.8 MeV [seeX974AJ01
1979AJ011984AJ0)] and at 200, 300 and 400 Me\ML987WAZT:; ng+1). 'Be*(4.55, 6.51, 7.19,
10.79) have also been populated: se#7¢AJ011979AJ0). The ratios of 1= ¢ ("Be*(0.43)/Bey:s.)
have been measured at 24.8, 35 and 45 MeV and yield the ramroefip to non spin- ip strength
iVo =V j? (1980AU02.

Cross section measurements related to neutron productipetsaand detector ef ciency cali-
bration include {987TE04 1988HE081989AMO03 1989BY02 1989GU131990BR241990DR10Q
1990TA11 1992AMO03 1992DA2Q 1997TA03 1998KA2Q 1998MA49 1999BA73 1999NA02
1999NA15. Measurements or analyses of Gamow-Teller transiti@mgth are reported ii087TAL13
1989RA09 1990RA08 1994SA43. See also 1987HE22 19870R02. An analysis of neu-
tron spectra folE, = 120, 160 MeV and deduction of Gamow-Teller matrix elements ae d
scribed in 001G0O2%. A compilation of analyzing-power data is presented 18§7TA29.
For studies of quadrupole excitation sé894RA23 1994WA22 and (L995YA12. Application-
related measurements are described #87RA23 1988B0O331989CR051995R114 1996BB13
1996SH29 1996TA23 1997DE54 1997UWO01 1997ZH35 1999LE16 1999NA02 1999SA16
1999SH1%. See also the astrophysical-related analysislBBPBULQ. See also the analysis
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(19981003 of 647 and 800 MeV data, and the study of the isovector pasptital potentials for
35 MeV (p, n) data1998J0ZW 2000J0O1Y. For earlier work seel©88AJ0).

15. (a)’Li(d, 2n)'Be Qm= 38687
(b) "Li(t, 3n)’Be Qm= 101260

See (987AL1Q E('Li) = 65 MeV).

16.7Li(3He, tyBe Qm= 0:8804

Angular distributions oty andt, have been measured B{°He) = 3:0 to 4.0 MeV and at
E (®He) = 33:3 MeV: see (974AJ0] 1984AJ0). The width of’'Be*(4.57), ¢n =175 7keV:
see (1974AJ0). See alsd®B in (1988AJ0).

17.7Li(5Li, SHe)'Be Qm= 43696

This reaction has been studiedE&Li) = 14, 25 and 35 MeVA. 'Be*(0, 0.43) are strongly
populated andBe*(4.57, 7.21) are also evident. At the highest energy tletien mecha-
nism is predominantly one-step486AN29 1987WI09. See alsdHe and references cited in
(1988AJ0). See also reaction 12.

18.7Li("Li, "Be)’He Qm= 120641
See (998NA14.
19.8Be( , n)'Be Qmn = 188991

Neutron yields have been measured with backscatteredgasésns {999TOZ2).

20.°Be(n, 3njBe Qm = 205645

Cross sections were measuredat= 28—68 MeV (1998DU0§.
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21.°Be(p, tfBe Qm= 120827

Angular distributions of tritons have been measurdfiat 43:7 and 46 MeV [seel(979AJ0])]
and at 50 and 72 MeV1084ZA07 to+1, t2). The 11-MeV state haB, = 11:01 0:04 MeV,
=298 25keVv,J = g ;T = g [the J ; T assignments are based on the similarity of the
angular distribution to that in the (pte) reaction td'Li*(11.13)]: see (979AJ0).

22.19B(p, )’Be Qm = 1:1454

Angular distributions have been studied ey = 2:8to 7.0 MeV [see {974AJ0)] and for 18
to 45 MeV (L986HA27 ,, 1, »; See for spectroscopic factors, of ‘Be*(0.43)= 428:89
0:13keV (1979RI1). See alsd*C in (1985AJ0), (1983D007F and (L988KOZL; applied).

More recently several studies at astrophysical energige baen reported. They include
measurements of( ) and (E) atE, = 120-480 keV (1991YO04 and atE, = 37-120 keV
(1993KNZ2); measurements of electron screening correctiobgat= 17-134 keV and determi-
nation ofS(E) (1993AN06; direct-model calculations of astrophysical reactidesgl996RA1%;
and a calculation of small-effect corrections in fusionctemns (L997BA99. A calculation of' Be
level population intensities &, = 45 MeV is described in]992KWO01). For application-related
measurements se€q90B0O151995RI114 1995SJ011999SA1H.

23.19B(d, He)'Be Qnm = 18770
See’He.

24.9B( ,7Li)"Be Qm= 162015
See’Li.

25. 1B (3He, ’Li) 'Be Qn = 7:0780

Spectroscopic amplitudes calculated with an intermediatgling model are reported i©tg87KWO03.
See also the discussion under.

26.12C(p,5Li)7Be Qm= 225668
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Yields of fragments, observed in protonsB& = 1 GeV incident on*?C, were measured
by (2000ANZX). A calculation of spectroscopic amplitudes in an interrattlcoupling model
analysis is reported if@87KWO03. See also the discussion under.

27.12C(d,Li) "Be Qm= 175415

Differential cross sections were measuredat= 78 MeV in a study of 5-nucleon simulta-
neous transferl®96JA13. Spectroscopic amplitudes were calculated in an interaedoupling
model by (987KW03. See (995CH69 for a measurement fC(d, ‘Be)’Li, and se€ Li in this
review.

28.12C(*He,®Be)'Be Qm= 57780

Angular distributions involvingBe*(0, 0.43) have been reported&®He) = 25:5to 70 MeV
[see (979AJ011984AJ0)] and atE (*He) = 33:4MeV (1986CL1R alsoA,). See also{986RA1H
and see discussions BC(®He, 'Be)’Be [reaction 44] undetBe in (1988AJ0).

29.12C( , °Be)'Be Qm= 246922

At E = 42 MeV, angular distributions have been measured involViBg*(0, 0.43) and
°Beys: see (974AJ0). Angular distributions have also been measuredt at= 49:0 and
80.1 MeV (1984G0O03. An angular distribution and DWBA analysis f&C( , 'Be)°Be is re-
ported in (991GLO03J.

30.*2C(Li, **B)'Be Qm = 142307

See (984BA53 1998NA14 1998NA1SH.

31. ¥N(p, 'Be)X

Cross sections fofBe produced by protons and neutronsat 10-10,000 MeV were ana-
lyzed @000NA349 and atmospheric production rates were deduced.

32.160( , Be)X
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'Be yields were measured with 250—-1050 MeV bremsstrahluntppimn O, Al, Cr, CI, CO
targets {998SH13.

33.160(He, 2C)'Be Qm= 55753

Angular distributions have been reportedeqHe) = 25:5to 70 MeV to’Be*(0, 0.43) and to
various states of?C: see'?C in (1985AJ0). See also1986BA89. A measurement of ( ) for
®0(He, 'Be)'?C atE (*He) = 41 MeV is reported in {987RA37. See also the calculation for
E (3He) = 60 MeV in (1995MA5?).

34.160('Li, 15N)"Be Qm= 112822

Angular distributions have been studiedBt’Li) = 50 MeV involving 'Be*(0, 0.43) and
various states of°N (1984C0201986CL03. See alsd®N in (1986AJ04 and (L984BA53. A
compilation and analysis of data far(’Li) = 78 MeV is presented in1989GA29.

35.27Al( , 'Be)X

Target dependence &Be production by bremmstrahlung photofs (< 1200MeV) incident
on?’Al and several other targets were studied BYQOMA7H. See also(998SH1§.

36.2*Mg(®He,*°’Ne)'Be Qm= T7:7297

See the calculations reported ih986RA15. Measurements of( ) for 2*Mg(®He, 'Be) at
E (®He) = 41 MeV are reported in{987RA37. Spectroscopic factors were deduc@@g8RA20).

37.%8Ni(®B, p’Be)X

Cross sections have been calculatedf¢tB) = 25:8, 415 MeV (1999SH20).

38.124Sn(p,’Be)X
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Production cross sections féBe for protons withE, = 0:66, 1.0 and 8.1 GeV incident on
separated tin isotoped?Sn, 118Sn, 120Sn and'?*Sn were measured by an activation technique
(1998DAZI).

39."Pp(p,’Be)X

Production cross sections were measuredfpr 65-2600 MeV 001GLOY.

40.2%8ppeB, p’Be)X

Dissociation ofB in the Coulomb eld of?°®Pb was measured Et(®B) = 51:9 MeV/A. Cross
sections forBe(p, )2B were extracted1(998KI19).

41.2%2Th( , "Be)X

Yields of 'Be from photon-induceé?Th ssion were measured byl998KAZL).

B
(Fig. 11)

The mass excess 6B adopted by 1997AU04 is27:870 0:070MeV. It was obtained by aver-
aging the values dt7:.94 0:10MeV from thel°B(*He, ®He)’B reaction (967MC14 1988AJ0)
and the valu®7:800 0:10MeV obtained inthéLi( *, )’B reaction (981SE1B. The width
ofthe ground state is= 1 :4 0:2MeV: see (967MC14 1988AJ0). B is unbound with respect
to®Be+ p,5Li + 2p and*He+ 3p by 2.21, 1.61 and 3.38 MeV, respectively.

The predicted mass excess fBrbased on the isobaric multiplet mass equation using"theg
level energies ifHe, ‘Li and ‘Be is27:76  0:17MeV (1967MC19. See also the early references
cited in (1988AJ01 1984AJ01 1979AJ01 1974AJ0). Recent cross section measurements for
LiC *, )'B (1998PA40) were used to deduce information 6B proton halo features. Mea-
surements aE = 30-90 MeV reported byZ000DR19 were used to deduce energy-dependent
features. Theoretical studies relevant’® include work on the spherical properties of nuclei
(1995JA06 1997AB27); Skyrme Hartree-Fock model calculatiori®97BA59; Coulomb-energy
studies {997P0O1Y%, and large-basis shell-model calculations of level eiesrgnd other properties
(1998NA17.
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Table 7.11: Mirror states iA = 7 nuclei?

Li Be

Ex (MeV) | J | Ex (MeV) |J Ex (MeV)?®
0 3 0 3 —
0.478 | 1 0.429 |3 0:049
465 |1 457 |2 0:08
6.60 |2 6.73 |3 +0:13
745 |3 721 |3 0:24
875 |32 9.9 3 +1:15°¢
9.09 |1
957 |2 9.27 |2 0:3

a As taken from Tableg.2and7.7.

b De ned asEx("Be)

Ex

(Li).

¢ This difference may be unphysical since thé level param-
eters were obtained from the “extend®ematrix prescription”
(see the Introduction in this publication).
information for’Be levels is not available.

The equivalent

Table 7.12: Isospin quadruplet componefiis= %) inA=72
"He L Be B
Ex (MeV) | J Ex(MeV) | J :T | Ex(MeV) | J ;T | Ex (MeV)
0 G)| 1124 |3:;3] 1101 |3 ;3
2.9 )

2 As taken from Tableg.1, 7.2and7.7.
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Figure 11: Isobar diagramdy, = 7. For notation see Fig. 3.
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